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FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by ATSDR and the
Environmental Protection Agency (EPA) and in support of Department of Defense information needs. The

original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised and
republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for the hazardous substance being described. Each profile identifies and reviews the key literature
(that has been peer-reviewed) that describes a hazardous substance’s toxicologic properties. Other pertinent
literature is also presented, but described in less detail than the key studies. The profile is not intended to be an
exhaustive document; however, more comprehensive sources of specialty information are referenced.

Each toxicological profile begins with a public health statement, which describes in nontechnical language
a substance’s relevant toxicological properties. Following the public heaith statement is information concerning
levels of significant human exposure and, when known, significant health effects. The adequacy of information
to determine a substance’s health effects is described in a health effects summary. Data needs that are significant
to protect public health will be identified by ATSDR and the EPA. The focus of the profiles is on health and
toxicologic information; therefore, we have included this information in the beginning of the document.

Each profile must include the following:

(A) The examination, summary, and interpretation of available toxicologic information and epidemiologic
evaluations on a hazardous substance in order to ascertain the levels of significant human exposure for the
substance and the associated acute, subacute, and chronic health effects.

(B) A determination of whether adequate information on the health effects of each substance is available

or in the process of development to determine levels of exposure that present a significant risk to human
health of acute, subacute, and chronic health effects.

(C) When appropriate, identification of toxicologic testing needed to identify the types or levels of
exposure that might present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the federal, state, and
local levels, interested private sector organizations and groups, and members of the public.

The toxicological profiles are developed in response to the Superfund Amendments and Reauthorization
Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA or Superfund). Section 211 of SARA also amended Title
10 of the U. S. Code, creating the Defense Environmental Restoration Program. Section 2704(a) of Title 10 of
the U. S. Code directs the Secretary of Defense to notify the Secretary of Health and Human Services of not less
than 25 of the most commonly found unregulated hazardous substances at defense facilities.

Section 2704(b) of Title 10 of the U. S. Code directs the Administrator of the Agency for Toxic

Substances and Disease Registry (ATSDR) to prepare a toxicological profile for each substance on the list
provided by the Secretary of Defense under subsection (b).
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Foreword

This profile reflects our assessment of all relevant toxicologic testing and information that has been peer
reviewed. It has been reviewed by scientists from ATSDR, the Centers for Disease Control and Prevention
(CDC), and other federal agencies. It has also been reviewed by a panel of nongovernment peer reviewers and
was made available for public review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR. '

David Satcher, M.D., Ph.D.
Administrator
Agency for Toxic Substances and
Disease Registry
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profiles is maintained, identifies any significant problems in format or content, and establishes
that Guidance has been followed.
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PEER REVIEW

A peer review panel was assembled for Otto Fuel II and its components. The panel consisted of the
following members:

1 . Steven Godin, Ph.D., DABT, Research Scientist, Drug Metabolism, CEPHALON, Inc., West
Chester, Pennsylvania;

2 . Dr. Arthur Gregory, Private Consultant, Techto Enterprises, Sterling, Virginia; and
3 . Dr. Richard Stewart, Private Consultant, Racine, Wisconsin.

These experts collectively have knowledge of Otto Fuel II and its components’ physical and chemical
properties, toxicokinetics, key health end points, mechanisms of action, human and animal exposure,
and quantification of risk to humans. All reviewers were selected in conformity with the conditions
for peer review specified in Section 104(i)( 13) of the Comprehensive Environmental Response,
Compensation, and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the
peer reviewers’ comments and determined which comments will be included in the profile. A listing
of the peer reviewers’ comments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the administrative record for this compound. A list of
databases reviewed and a list of unpublished documents cited are also included in the administrative
record.

The citation of the peer review panel should not be understood to imply its approval of the profile’s
final content. The responsibility for the content of this profile lies with the ATSDR.






OTTO FUEL il AND ITS COMPONENTS Xi

CONTENTS
FOREWORD . . ... e e e e v
CONTRIBUTORS . . oot e e e e vii
PEER REVIEW . . . e e e ix
LISTOF FIGURES ............... e Xv
LIST OF TABLES . .. it e e e e e e xvii
1. PUBLIC HEALTH STATEMENT . . . ... .. e 1
1.1  WHAT ARE OTTO FUEL II AND ITS COMPONENTS? .. .................... 2
1.2 WHAT HAPPENS TO OTTO FUEL II AND ITS COMPONENTS WHEN THEY
ENTER THE ENVIRONMENT? ... ... . . e 2
1.3 HOW MIGHT I BE EXPOSED TO OTTO FUEL II AND ITS COMPONENTS? . ... .. 3
1.4 HOW CAN THE COMPONENTS OF OTTO FUEL Il ENTER AND LEAVE MY
BOD Y . . 4
1.5 HOW CAN OTTO FUEL II AND ITS COMPONENTS AFFECT MY HEALTH? ... .. 4
1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO OTTO FUEL II AND ITS COMPONENTS? . .................... 6
1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH? ... ... ... i 7
1.8 WHERE CAN I GET MORE INFORMATION? .. ... ... ... i, 7
2. HEALTH EFFECTS . . . . ottt e e e e e e e e e 9
2.1 INTRODUCTION ... e e e 9
2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE .............. 9
2.2.1 Inhalation Exposure ......... ... ... .. 10
2211 Death ... e 11
2.2.1.2 Systemic Effects . .. ... .o 12
2.2.1.3 Immunological and Lymphoreticular Effects ... ................ 32
2.2.14 Neurological Effects . ................. . ... ... ... 33
2.2.1.5 Reproductive Effects . ... ....... ... . ... i 36
2.2.1.6 Developmental Effects . .................... .. .. ... ... 37
22.1.7 Genotoxic Effects . .. ... 37
2218 CanCer ... v it e 37
222 Oral EXpOSUIE . . ..ttt 38
22271 Death . ... e e 38
2222 Systemic Effects . .. ... ... 46
2223 Immunological and Lymphoreticular Effects . .................. 49
2224 Neurological Effects .. ........... ... ... ... . 49
2.2.2.5 Reproductive Effects . . ....... ... ... . i 50
2.2.2.6 Developmental Effects ................. ... ... 50
2227 Genotoxic EBffects . . . ... ... .. ... 51

2228 Cancer ..... e e e 52



OTTO FUEL Il AND ITS COMPONENTS Xii

3.

223 Dermal EXpOSUIe . . ..ottt e e e e e e 52
22301 Death . ... e 52
2232 Systemic Effects . . ......... ... i 53
2.2.3.3 Immunological and Lymphoreticular Effects . .................. 62
2234 Neurological Effects .. ...... ... ... .. .. .. . . 63
2235 Reproductive Effects . ... ... ... . 64
2.23.6 Developmental Effects . ....... ... ... . . . .. i 65
2237 Genotoxic Effects . .. ... ... e 65
2238  CanCer ... e 66
2.3 TOXICOKINETICS . . .. e e e e et e e 66
23,1 ADBSOIPLION . . . e e e e e e e 67
2.3.1.1 Inhalation EXposure . ........... ..ottt 67
2.3.1.2  Oral BXpOSUIE . ... v vttt e e e e e 67
2.3.1.3 Dermal EXposure . ... .. .. ...ttt 68
232 DIStribution . . .. ... e 68
2.32.1 Inhalation EXpOSUIe . ... o vttt ittt et e 68
2322 Oral EXpOSUIE . ..ottt ittt ittt it e e e e e 69
2323 Dermal Exposure . ....... ... ..ttt e e 69
233 Metabolism . . ... .. e 69
2.3.3.1 Inhalation EXpoSure . .......... ...ttt 69
2.332 Oral BXpOSUIe . . ..o it e e 70
2333 Demal EXposure .. ... ... ...ttt 70
2.3.34 Other Routes of EXposSure ... ... ..... ..ottt neennan 70
234 EXCIeliON . .ottt ettt e e e e e 71
2.34.1 Inhalation EXposure . ...........cuiiieiineneennnenennnan 71
2342 Oral EXpOSUIE .. ..ottt ittt i ittt e e 73
2343 Demmal Exposure .. ... ... ... ... e 73
2.34.4 Other Routes of EXPOSUIC . . .. ...ttt i ittt ittt et it e 73
2.3.5 Mechanisms Of ACHON . . ... ... i it et e e 74
24 RELEVANCE TO PUBLIC HEALTH .. ........ ... .. i 75
2.5 BIOMARKERS OF EXPOSURE ANDEFFECT ..............0iiiiinvon. 88
2.5.1 Biomarkers Used to Identify or Quantify Exposure to Otto Fuel II and Its
CompOnentS . . .. it e e e 89
2.5.2 Biomarkers Used to Characterize Effects Caused by Otto Fuel II and Its
COMPONENLS . . ... e e 91
2.6 INTERACTIONS WITH OTHER CHEMICALS . ............ ... i, 93
2.7 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE ................... 93
2.8 METHODS FOR REDUCING TOXIC EFFECTS . .......... .. ..., 96
2.8.1 Reducing Peak Absorption Following Exposure . . .. .................... 96
2.82 Reducing Body Burden .. ...... ... . . . .. e e e 96
2.8.3 Interfering with the Mechanism of Action for Toxic Effects ............... 97
2.9 ADEQUACY OF THE DATABASE . ... .. . . it e 98
2.9.1 Existing Information on Health Effecis of Otto Fuel II and Its Components . ... 98
292 ldentification of Data Needs . . ... ....... . i, 104
2.93 Ongoing Studies .. ... .. .. e 115
CHEMICAL AND PHYSICAL INFORMATION . . ......... ... .. 117
3.1 CHEMICAL IDENTITY . . ... e e e e e et 117
3.2 PHYSICAL AND CHEMICAL PROPERTIES ............................. 117



OTTO FUEL il AND ITS COMPONENTS Xiii

4. PRODUCTION, IMPORT/EXPORT, USE, ANDDISPOSAL ...........c0vtvevnnn. 121
4.1 PRODUCTION .t e et e et e et it ts e, 121
42 IMPORT/EXPORT . .ottt ittt ittt ittt o enseeasaneneeenenneas 122
4.3 USE .o ittt e e e e e e e e e 122
4.4 DISPOSAL ... e e e e e e e e e e 123

5. POTENTIAL FOR HUMAN EXPOSURE . . .. ... ittt ti ittt n e 125
5.1 OVERVIEW ...ttt ittt ettt et e e st s ittt e 125
5.2 RELEASES TO THE ENVIRONMENT . . ... ... ittt ianennnesn 126

757200 -\ 3 126
I A 1> 126
5.2.3 800l . .ot e e e e e e e e e 128
5.3 ENVIRONMENTAL FATE . ... ... ittt it ittt i ininonenann 128
5.3.1 Transport and Partitioning . . .. ....... ... o i i 128
5.3.2 Transformation and Degradation ............ ... . .. i, 129
35 757270 - N 129
5.3.2. 2 WAL . o vttt et e e e e e e e e 129
5.323  Sediment and S0il . . ... . i e e e e e e e 131
5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT ............ 132
5.4.1 - N 132
5.4.2 LT3 (A 132
543 Sediment and Soil . . ... ... i e e i e 132
544 Other Environmental Media . ........... ... .ttt ennennns 132
5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE ............... 133
5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES .................. 134
5.7 ADEQUACY OF THE DATABASE . ... . ... ittt 134
5.7.1 Identification of Data Needs . ... ... vttt it innoeannen . 135
5.7.2 Ongoing Studies . ........ ... i e e 137

6. ANALYTICAL METHODS . . . .. ittt it ittt e ettt ettt asaeneeenenns 139
6.1 BIOLOGICAL SAMPLES . . .. .. ittt ettt teneannseeenenes 139
6.2 - ENVIRONMENTAL SAMPLES . ... .. .. ittt tein e 141
6.3 ADEQUACY OF THE DATABASE . ... ... .. ittt 147

6.3.1 ° Identification of Data Needs .. ... ..o viiiinmene e eenennn ... 147
6.3.2 Ongoing Studies . ....... ..t i i i e e 148

7. REGULATIONS AND ADVISORIES . ... ittt ettt ete e ettt st teaaann 149

8. REFERENCES . . ..ottt ittt e e e e et e st et e it a s 151

0, GLOSSARY .. e e e e e e 163

APPENDICES
A. USEBR S GUIDE . ...ttt ittt ittt et ettt ettt et s ittt aenanns A-1

B. ACRONYMS, ABBREVIATIONS, ANDSYMBOLS . ......................... B-1






OTTO FUEL It AND ITS COMPONENTS XV

2-1

2-2

2-4

2-5

2-6

2-8

5-1

LIST OF FIGURES

Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation . . ............ 20
Levels of Significant Exposure to Propylene Glycol Dinitrate - Oral ... .............. 41
Levels of Significant Exposure to Dibutyl Sebacate - Oral . .. ...................... 45
Proposed Metabolic Pathway for Propylene Glycoi Dinitrate . ...................... 72
Existing Information on Health Effects of Otto Fuel I . .......................... 99
Existing Information on Health Effects of Propylene Glycol Dinitrate . .. .............. 100
Existing Information on Health Effects of 2-Nitrodiphenylamine .. ... L 101

Existing Information on Health Effects of Dibutyl Sebacate . . ...................... 102

Frequency of NPL Sites with Otto Fuel II Contamination . ........................ 127






OTTO FUEL Il AND ITS COMPONENTS xvii

2-1

2-2

2-3

2-5

2-6

3-1

3-2

6-1

6-2

7-1

LIST OF TABLES
Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation . ... .......... 13
Levels of Significant Exposure to Propylene Glycol Dinitrate - Oral . ... .............. 40
Levels of Significant Exposure to Dibutyl Sebacate - Oral . .. ...................... 42
Levels of Significant Exposure to Otto Fuel Il - Dermal . ...................... ... 54
Levels of Significant Exposure to Propylene Glycol Dinit‘rate -Dermal . ............... 55
Genotoxicity of Otto Fuel II and its Components - In Vivo ........................ 86
Genotoxicity of Otto Fuel II and its Components - In Vitro . ...................... 87
Chemical Identity of Otto Fuel II and its Components . ... ........................ 118
Physical and Chemical Properties of Otto Fuel II and its Components . . . .............. 119

Analytical Methods for Determining Otto Fuel II and its Components in
Biological Samples . .. ... ... 140

Analytical Methods for Determining Otto Fuel II and its Components in
Environmental Samples . . ... ... ... e 142

Regulations and Guidelines Applicable to Otto Fuel II and its Components . ............ 150






OTTO FUEL Il AND ITS COMPONENTS

1. PUBLIC HEALTH STATEMENT

This statement was prepared to give you information about Otto Fuel II and its components,
and to emphasize the human health effects that may result from exposure to them. The
Environmental Protection Agency (EPA) has identified 1,397 hazardous waste sites as the
most serious in the nation. These sites make up the National Priorities List (NPL) and are the
sites targeted for long-term federal clean-up activities. Otto Fuel II has been found at two of
the sites on the NPL. However, the number of NPL sites evaluated for Otto Fuel II and its
components is not known. As EPA evaluates more sites, the number of sites at which Otto
Fuel II and its components are found may increase. This information is important for you to
know because Otto Fuel II and its components may cause harmful health effects and because
these sites are potential or actual sources of human exposure to Otto Fuel II and its

components.

When a chemical is released from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment as a chemical emission. This
emission, which is also called a release, does not always lead to exposure. You can be
exposed to a chemical only when you come into contact with the chemical. You may be
exposed to it in the environment by breathing, eating or drinking substances containing the

chemical, or from skin contact with it.

If you are exposed to a hazardous chemical such as Otto Fuel II and its components, several
factors will determine whether harmful health effects will occur, and what the type and
severity of those health effects will be. These factors include the dose (how much), the
duration (how long), the route or pathway by which you are exposed (breathing, eating,
drinking, or skin contact), the other chemicals to which you are exposed, and your individual

characteristics such as age, sex, nutritional status, family traits, life-style, and state of health.
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1. PUBLIC HEALTH STATEMENT

1.1 WHAT ARE OTTO FUEL II AND ITS COMPONENTS?

Otto Fuel Il is a distinct-smelling, reddish-orange, oily liquid that the U.S. Navy uses as a
fuel for torpedo and other weapons systems. It is a mixture of three synthetic substances. It
contains mostly propylene glycol dinitrate, but it also contains dibutyl sebacate and

2-nitrodiphenylamine.

Propylene glycol dinitrate is the explosive part of Otto Fuel II. It is a colorless liquid with an
unpleasant odor. Other names for propylene glycol dinitrate are PGDN, 1,Zpropylene glycol

dinitrate, and 1,2-propanediol dinitrate.

Dibutyl sebacate is a clear liquid. It is most often used for making plastics, many of which
are used for packaging food. It is also used to enhance flavor in foods such as ice cream,
candy, baked goods, and nonalcoholic drinks. Some shaving creams also contain dibutyl
sebacate. Other names for dibutyl sebacate are decanedioic acid, dibutyl ester; sebacic acid,

dibutyl ester; and dibutyl decanedioate.

2-Nitrodiphenylamine is a solid. Otto Fuel II contains 2-nitrodiphenylamine to control the
explosion of propylene glycol dinitrate. It is also used as a solvent dye. Other names for
2-nitrodiphenylamine are 2-nitrobenzenamine, 2-nitro-N-phenyl; 2-nitro-N-phenylaniline; and

Sudan Yellow 1339.

See Chapters 3 and 4 for more information.

1.2 WHAT HAPPENS TO OTTO FUEL II AND ITS COMPONENTS WHEN THEY
ENTER THE ENVIRONMENT?

Otto Fuel II enters the environment mainly in waste water from Navy facilities that produce it
or are involved in torpedo rework operations. Otto Fuel Il may also be spilled by accident or
be disposed of improperly and contaminate soil. We do not have much information on what

happens to Otto Fuel II and its components when they enter the environment. We do know
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that Otto Fuel II enters the environment as a mixture of three separate components. A large
portion of the propylene glycol dinitrate will evaporate very rapidly from the water or the
surface of wet soil, but a small portion of it will be broken down by light to other chemicals.
Propylene glycol dinitrate that enters the air is probably also broken down by light. Some
studies suggest that propylene glycol dinitrate in water or soil is broken down by
microorganisms that are normally present, but not all studies agree about this point. It is
unlikely that 2-nitrodiphenylamine will evaporate from water or soil into the air.
2-Nitrodiphenylamine will also probably not stay dissolved in water because it does not
dissolve easily in water and because it most likely sticks to particles in the water or soil.
2-Nitrodiphenylamine that enters the water is broken down by light. A portion of
2-nitrodiphenylamine in the water or soil also is broken down by microorganisms. We do not
know which of the two processes (light- or microorganism-assisted) is more important in
breaking down this chemical in the environment. Many microorganisms in water and soil
have the capability to break down dibutyl sebacate. We do not have any information on other
ways that dibutyl sebacate might be broken down in water or soil. There is no evidence that
dibutyl sebacate evaporates into the air from soil or water. You will find more information
about the fate and movement of Otto Fuel II and its components in the environment in

Chapter 5.

1.3 HOW MIGHT I BE EXPOSED TO OTTO FUEL II AND ITS COMPONENTS?

Humans are most likely to be exposed to Otto Fuel II or its components in areas where Otto
Fuel 11 is used as a torpedo fuel or where it is made. The most likely ways these people will
be exposed to Otto Fuel II are by breathing contaminated air and by touching the fuel during
handling. One of the chemicals that makes up Otto Fuel 11, propylene glycol dinitrate, was
measured at levels of less than 1 part per million (ppm) parts of air in a facility where Otto
Fuel II was used. Another chemical found in Otto Fuel II, 2-nitrodiphenylamine, was
measured at levels of 1-14 ppm in waste water released from a plant where torpedo fuel was
being manufactured. This chemical was also measured at levels of 0.5-12.2 ppm in the
sediment of the river where the waste water was dumped. Almost nothing is known about

levels of Otto Fuel II or its components at hazardous waste sites or at other places. It is not
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known whether exposure of persons living or working near hazardous waste sites occurs.
Exposure to 2-nitrodiphenylamine also may occur as the result of its manufacture and use as a
solvent dye. Exposure to dibutyl sebacate also may occur as a result of its manufacture and
use as a flavor enhancer, as an ingredient in plastic food containers, and as an ingredient in

shaving lotions. See Chapter 5 for more information.

1.4 HOW CAN THE COMPONENTS OF OTTO FUEL II ENTER AND LEAVE MY
BODY?

Propylene glycol dinitrate, the explosive chemical in Otto Fuel I, enters your bloodstream
when you breathe it in, when you drink water containing it, eat food or soil containing it, and
when your skin comes in contact with it. 2-Nitrodiphenylamine and dibutyl sebacate, the
other two components in Otto Fuel II, enter your bloodstream when you drink water or eat
food with either of these two chemicals in it. We do not know how much of these two
chemicals can enter your bloodstream by breathing or touching them. Within a day,
propylene glycol dinitrate is rapidly and completely broken down in your blood to chemicals
that are normally found in your body. Some of the breakdown products leave your body in
your urine, and others are used by your body to make other chemicals. One study reported
that dibutyl sebacate is rapidly broken down in your body by the same process that your body
uses to break down fat. We do not know what happens to the breakdown products of dibutyl
sebacate in your body. We also do not know what happens to 2-nitrodiphenylamine in your
body or how it is eliminated. Chapter 2 contains more information on how the chemicals in

Otto Fuel II enter and leave your body.

1.5 HOW CAN OTTO FUEL IT AND ITS COMPONENTS AFFECT MY HEALTH?

People who work around Otto Fuel II report experiencing a number of effects which include
headaches, loss of balance, poor eye-hand coordination, eye irritation, congested noses,
nausea, dizziness, and difficulty breathing. The most common side effect of overexposure is
headache. It can occur when there are no other reported side effects, even when the degree

of overexposure is minimal. The greater the overexposure, the larger the number of reported
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symptoms. Some people who work around Otto Fuel II get used to being around it, and after
a period of time, they do not seem to experience discomfort. People who have worked
around Otto Fuel II, but later are no longer exposed to this chemical, might feel chest pain or
rapid beating of the heart, or have heart attacks. We do not know if Otto Fuel II affects the
ability of people to have children or if it causes children to have birth defects. We also do
not know if this chemical affects the ability of people to fight disease or if it causes cancer in
people. Most of the effects of Otto Fuel II on people’s health are believed to be caused by

its major component, propylene glycol dinitrate. Exposure to levels of propylene glycol
dinitrate as low as 0.2 ppm in the air for several hours causes headaches in some persons. At
0.2 ppm, some brain wave patterns are also altered, and at 0.5 ppm, dizziness and nausea are
common. We do not know anything about the effects of propylene glycol dinitrate on the
ability of people to have babies or to fight disease. We also do not know whether propylene
glycol dinitrate causes birth defects or cancer. Very little is known about the other two
components of Otto Fuel II, 2-nitrodiphenylamine or dibutyl sebacate. We do not know
anything about the human health effects of the component 2-nitrodiphenylamine. The only
thing we know about the human health effects of the component dibutyl sebacate is that it

was not irritating to the skin of volunteers who were tested.

Animal studies show effects of propylene glycol dinitrate that are related to the effects seen in
people. Results from animal studies also show additional effects of propylene glycol dinitrate
that have not been reported in people exposed to this chemical. Exposure of animals to
moderate-to-large amounts of propylene glycol dinitrate for several weeks causes problems in
blood, like anemia and a decreased ability of the blood to carry oxygen. The livers and
kidneys of some animals exposed to moderate levels of propylene glycol dinitrate all day,
every day, for several months showed some damage. We do not know whether these effects
might also occur in persons exposed to sufficiently high concentrations. We also do not

know whether propylene glycol dinitrate affects the ability of animals to have babies or
whether it causes birth defects in animals. However, we know that rats that had Otto Fuel 11
applied to their skin during pregnancy gave birth to babies with low birth weights. Propylene
glycol dinitrate has not been sufficiently tested to see whether or not it causes cancer in

animals.
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Animal studies also examined the effects of dibutyl sebacate. These studies showed that
eating large amounts of this chemical for long periods did not affect the health of the animals
that ate it. The babies of animals that ate large amounts of this chemical grew more slowly
than babies of animals that did not eat it. We do not know whether dibutyl sebacate causes

cancer in animals.

We do not know anything about the health effects of 2-nitrodiphenylamine in animals.

The Department of Health and Human Services, the International Agency for Research on
Cancer, and the Environmental Protection Agency have not reviewed Otto Fuel II to

determine what classification of carcinogenicity it should receive.

More information on the health effects of the chemicals found in Otto Fuel II is given in

Chapter 2.

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO OTTO FUEL IT AND ITS COMPONENTS?

There is no routinely available test that can directly measure an individual’s exposure to Otto
Fuel II. Sensitive methods have been used to measure propylene glycol dinitrate, the major
component in Otto Fuel II, in both the blood and the exhaled air of the exposed individual.
Tests that measure the amount of a breakdown product of propylene glycol dinitrate in your
urine could give some information about whether a person has been exposed to this chemical.
These tests, which assume the same breakdown products for humans and animals, could be
easily performed by clinical laboratories. Your body rapidly breaks down propylene glycol
dinitrate, and the breakdown products leave your body in your urine within a day. Therefore,
the tests are only helpful if given within a few hours of exposure. The tests also are not
specific for exposure to propylene glycol dinitrate. Many other chemicals, such as those
found in fertilizers, explosives, some heart and diarrhea medications, and, some food

preservatives, also raise the amount of this breakdown product in the urine. No tests are
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known for measuring the other two components of Otto Fuel II in your body. Chapters 2 and

6 contain more information on these tests.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The government has developed regulations and guidelines for Otto Fuel II and the chemicals
in it. These are designed to protect the public from potential harmful health effects of the
chemical. The Department of Transportation regulates the transportation of Otto Fuel 11

because of its potential health effects.

The National Institute for Occupational Safety and Health (NIOSH) recommends that workers
not be exposed to air containing more than 0.05 ppm propylene glycol dinitrate during an

8-hour workday, 40-hour workweek. For more information, see Chapter 7.

1.8 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, E-29

Atlanta, Georgia 30333

(404) 639-6000

This agency can also provide you with information on the location of the nearest occupational
and environmental health clinic. These clinics specialize in the recognition, evaluation, and

treatment of illnesses resulting from exposure to hazardous substances.
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2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective of the toxicology of Otto Fuel II
and its components, and a depiction of significant exposure levels associated with various adverse
health effects. It contains descriptions and evaluations of studies, and presents levels of significant
exposure for Otto Fuel II and its components based on toxicological studies and epidemiological

investigations.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons living or working near hazardous
waste sites, the information in this section is organized first by route of exposure-inhalation, oral, and
dermal-and then by health effect-death, systemic, immunological, neurological, developmental,
reproductive, genotoxic, and carcinogenic effects. These data are discussed in terms of three exposure

periods-acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in

figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest-observed-
adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the

studies. LOAELSs have been classified into “less serious” or “serious” effects. These distinctions are
intended to help the users of the document identify the levels of exposure at which adverse health

effects start to appear. They should also help to determine whether or not the effects vary with dose

and/or duration, and place into perspective the possible significance of these effects to human health.

The significance of the exposure levels shown in the tables and figures may differ depending on the
user’s perspective. For example, physicians concerned with the interpretation of clinical findings in
exposed persons may be interested in levels of exposure associated with “serious” effects. Public

health officials and project managers concerned with appropriate actions to take at hazardous waste
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sites may want information on levels of exposure associated with more subtle effects in humans or
animals (LOAEL) or exposure levels below which no adverse effects (NOAEL) have been observed.
Estimates of levels posing minimal risk to humans (Minimal Risk Levels, MRLs) may be of interest to

health professionals and citizens alike.

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made, where data were
believed reliable, for the most sensitive noncancer effect for each exposure duration. MRLs include

adjustments to reflect human variability and extrapolation of data from laboratory animals to humans.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in
development or are acquired following repeated acute insults, such as hypersensitivity reactions,
asthma, or chronic bronchitis. As these kinds of health effects data become available and methods to

assess levels of significant human exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix A). This guide should aid
in the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 Inhalation Exposure

Otto Fuel 11 is a torpedo propellant that is composed of a mixture of approximately 75% propylene
glycol dinitrate, 2% 2-nitrodiphenylamine, and 23% dibutyl sebacate. The studies described in this
section include both those concerning exposures to the mixture, Otto Fuel 11, as well as those
concerning exposures to the individual components of this mixture.

Propylene glycol dinitrate is the only component of Otto Fuel II with significant volatility. However,
inhalation exposures to the other components of Otto Fuel II are considered in this section because

mists of Otto Fuel I may be generated, and inhalation of aerosol particles in the mists is possible.
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Occupational exposure to Otto Fuel II may result in simultaneous inhalation and dermal exposures.
Thus, many of the effects reported in occupational studies in this section may be due, in part, to
dermal exposure to Otto Fuel II.

2.2.1.1 Death

No studies were located regarding death in humans after inhalation exposure to Otto Fuel II or its

individual components.

No studies were located regarding death in animals after inhalation exposure to either Otto Fuel I or
two of its components, 2-nitrodiphenylamine, and dibutyl sebacate. However, information was
available regarding death in animals following inhalation exposure to propylene giycol dinitrate.
These studies indicate that differences in species sensitivity to the lethal effects of propylene glycol

dinitrate may exist.

For example, exposure to concentrations of propylene glycol dinitrate as high as 200 ppm.for 4 hours
has been tolerated in rats without any toxic signs, and continuous (24 hours/day) exposure of rats,
guinea pigs, and dogs to 35 ppm for 90 days produced no treatment-related deaths in any of these
species (Jones et al. 1972). However, continuous exposure of a rabbit to 35 ppm of propylene glycol
dinitrate resulted in the death of the rabbit on the 4th day (Jones et al. 1972). The rabbit appeared to
be cyanotic 6 hours prior to death. One out of 9 squirrel monkeys exposed.continuously to 35 ppm
died on the 31st day of exposure, and a squirrel monkey exposed to 61 ppm of propylene glycol
dinitrate for 23 hours/day died on the third day of exposure (Jones et al. 1972).

In longer-term studies, intermittent (6 hours/day, 5 days/week) exposure of rats and mice to 35 ppm of
propylene glycol dinitrate for 1 year resulted in no increase in deaths over the death rates of controls
in either species during the exposure period or in the 1-year postexposure observation period (Air
Force 1985a). Also, a 14-month exposure of dogs to 0.2 ppm propylene glycol dinitrate for

6 hours/day, 5 days/week, caused no treatment-related deaths (Air Force 1985a). Test atmospheres in

the Air Force study were generated by volatilizing propylene glycol dinitrate from Otto Fuel II.

11
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2.2.1.2 Systemic Effects

The highest NOAEL values and all reliable LOAEL values for each study for each end point for
propylene glycol dinitrate are recorded in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. No studies were located regarding respiratory effects in humans after
inhalation exposure to 2-nitrodiphenylamine or dibutyl sebacate. However, information was available
regarding respiratory end points following inhalation exposure to Otto Fuel II and propylene glycol

dinitrate.

Approximately 6% of a group of 87 torpedo maintenance workers with 1-132 months (average

47 months) of occupational exposure to Otto Fuel II reported experiencing dyspnea during past
exposures (Horvath et al. 1981). However, it is unknown whether the incidence of this effect was
increased relative to controls. Airway irritation was reported by incinerator workers with between 17
months and 3 years of experience (ATSDR 1990). In addition, one individual living near the
incinerator was reported to have had bronchiolar obstruction; possibly related to inhaling incinerator
fumes. However, only approximately 10% of the material incinerated was Otto Fuel II; other solvents
and corrosive materials were also incinerated. Thus, the irritation and bronchiolar damage described in

the report by ATSDR (I 990) cannot be entirely attributed to Otto Fuel II exposure with certainty.

Nasal congestion was reported by approximately 31% of the torpedo maintenance workers in the study
by Horvath et al. (1981). Although respiratory tissues were affected, this symptom is most likely due
to a direct vasodilatory effect of the propylene glycol dinitrate on blood vessels of the nasal mucosa
and not to an effect on respiratory function. Therefore, nasal congestion is also discussed below as a

symptom of a cardiovascular response.

Volunteers exposed, in a single session lasting between land 8 hours, to propylene glycol dinitrate
atmospheres generated by volatilizing Otto Fuel II experienced no effects on respiratory function as
measured using computerized spirometry (Stewart et al. 1974). Exposure levels in the study by
Stewart et al. (I 974) were measured by monitoring atmospheric concentrations of propylene glycol
dinitrate. Exposure to concentrations of propylene glycol dinitrate in this study as high as .5 ppm for
a single 3.2-hour period or 0.2 ppm for 7.5-8 hours/day for 5 days caused no measurable decrease in

the respiratory function parameters measured.

12



TABLE 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation

. Exposure/ LOAEL
Keyto  Species/ duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) " (ppm) (ppm) Reference
ACUTE EXPOSURE
Systemic
1 Human 5d Resp 0.2 Stewart et al. 1974
7.5-8hr/d Cardio 0.2
Hemato 0.2
Ocular 0.2
2  Human 1-8 hr Resp 1.5 Stewart et al. 1974
Cardio 0.35 0.5 (12 mm Hg increase
diastolic blood pressure)
Hemato 15
Ocular 0.5 1.5 (definite eye irritation in
8/8)
3 Rat 4 hr Hemato 200 (23.5% methemoglobin) Jones et al. 1972
(NS)
4 Dog 2 wk Hemato 0.2 (decreased hematocrit Air Force 1985a
(Beagle) 5d/wk and hemoglobin)
6hr/d
Neurological
5 Human once <€0.22 (decreased performance Horvath et al. 1981
30-60 min in oculomotor and ataxia
(occup) tests)
6 Human 5d 0.2 (altered visual evoked Stewart et al. 1974
7.5- 8 hr/d response; headache)
7 Human 1-8 hr 01° 0.2 (altered visual evoked 0.5 (ataxia) Stewart et al. 1974

response; headache)

$103443 H1IvaH 2
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TABLE 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation (continued)

a Exposure/ LOAEL
Key to Species/ duration/ NOAEL Less serious Serious
figure  (strain)  frequency System (ppm) (ppm) (ppm) Reference
INTERMEDIATE EXPOSURE
Systemic
8  Monkey 90d Resp 35M Jones et al. 1972
(Squirrel) 24hr/d
Cardio 35M
Hemato 10M 16 M (hemolysis)
Hepatic 10M 16M (hemosiderin deposits in
the fiver, fatty changes)
Renal 10M 16 M (hemosiderin deposits in
the kidneys, elevated BUN)
Bd Wt 35M
9 Rat 2-51 wk Hemato 35 (increased methemoglobin; Air Force 1985a
(Fischer 344) 5d/wk decreased red blood cells)
6hr/d Bd Wt 35
10 Rat 90d Resp 35 Jones et al. 1972
(Sprague- 24hr/d
Dawiley)
Cardio 35
Hemato 10  (hemolysis)
Hepatic 10 (fatty change in liver) 35 F (focal necrosis)
Renal 10 (hemosiderin deposits in 35 F (tubular necrosis)
the kidneys)
Bd Wt 35
11 Dog 2-51 wk Hemato 0.2¢ (decreased hematocrit, Air Force 1985a
(Beagle) Sd/wk hemoglobin, red blood
6hr/d cells, reticulocytes;

increased
methemoglobin)

S103443 H1TV3aH ¢
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TABLE 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation (continued)

. Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure  (strain)  frequency System (ppm) _(ppm) (opm) Reference
12 Dog 90d Resp 35M Jones et al. 1972
(Beagie) 24hr/d
Cardio 35M
Hemato 10 M (hemolysis)
Hepatic 10M (hemosiderin deposits in
the liver)
Renat 10M (hemosiderin deposits in
the kidneys)
Endocr 35
Bd wt 35
13 Gn pig 90d Resp 10 16  (foci of pulmonary Jones et al. 1972
(Hartley) 24hr/d ‘ hemorrhage)
Cardio 35
Hemato 35 (elevated
methemoglobin)
Hepatic 10 (fatty change in the liver)
Renal 35
B8d Wt 35
ImmunoJ/Lymphor
14  Monkey 90d 16 M 35M (hemosiderin deposits in Jones et al. 1972
(Squirrel) 24hr/d spleen)
15 Rat 90d 35 Jones et al. 1972
(Sprague- 24hr/d
Dawley)
16 Dog 90 d 16 M 35M (hemosiderin deposits in Jones et al. 1972
(Beagle) 24hr/d \ spleen)
17 Gn pig 90d 35 Jones et al. 1972
(Hartley) 24hr/d

S103443 H1TV3aH ¢
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TABLE 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure  (strain)  frequency System (ppm) (ppm) (ppm) Reference
Neurological
18  Monkey 90 d 39 (pupillary dilation) Jones et al. 1972

(Squirrel) 24hr/d

19 Monkey 90 d 35M Jones et al. 1972
(Squirret) 24hr/d

20 Dog 90 d 35M Jones et al. 1972
(Beagle) 24hr/d

CHRONIC EXPOSURE

Systemic
21 Rat Co1yr Resp 0.2 M (mild degeneration of Air Force 1985a
(Fischer 344) 5d/wk nasal epithelium)
6hr/d 35 F (pneumonia)
Cardio 35
Gastro 35
Hemato 35 (increased
methemogiobin)
Musc/skel 0.2
Hepatic 35
Renal 35
Endocr 35
Dermal 35

Bd wt 35

SININOJWOO Sii ANV 11 13Nd OLLO
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TABLE 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation (continued)

a Exposure/ LOAEL
Keyto Specles/  duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) (opm) Reference
22 Mouse 1yr Resp 35 Air Force 1985a
(cs7Bu6)  Sdiwk
6hr/d Cardio 35
Gastro 35
Musc/skel 35
Hepatic 35
Renal 35
Endocr 35
Dermal 35
Bd Wt 35
23 Dog 14 mo Resp 0.2 Air Force 1985a
{Beagle) sd/iwk
6hr/d Cardio 0.2
Gastro 02
Hemato 029 (decreased hematocrit,

hemoglobin, red blood
cells, reticulocytes;

increased
methemoglobin)
Musc/skel 0.2
Hepatic 0.2
Renal 0.2
Endocr 0.2
Demal 0.2
Bd wt 0.2
Immuno.J/Lymphor
24 Rat 1yr 35 Air Force 1985a
(Fischer 344) Sd/wk
6hr/d

SIN3INOJINOD S11 aNV Il 13Nd OLLO
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TABLE 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation {continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) (ppm) Reference
25 Mouse 1yr 35 Air Force 1985a
(cs7BLs)  Sdiwk
6hr/d
26 Dog 14 mo 0.2 Air Force 1985a
(Beagle) Sd/wk
6hr/d
Neurological
27 Rat 1yr 35 Air Force 1985a
(Fischer 344) 5d/wk
6hr/d
28 Mouse 1yr 35 Air Force 1985a
(cs7BU6)  Sdiwk
6hr/d
29 Dog 14 mo 0.2 Air Force 1985a
(Beagle) 5d/wk
6hr/d
Reproductive
30 Rat 1yr 35 Air Force 1985a
(Fischer 344) 5d/wk
6hr/d
31 Mouse 1yr 35 Air Force 1985a
(C578L/6) S5d/wk
6hr/d

SININOJWOO S1I ANV 11 13Nd OLLO
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TABLE 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation (continued)

a Exposure/ LOAEL .
Keyto  Species/  duration/ NOAEL Less serious Serious
figure.  (strain) frequency System (ppm) (ppm) (ppM) Reference
32 Dog 14 mo 0.2 Air Force 1985a
(Beagle) Sd/wk
6hr/d

2The number corresponds to entries in Figure 2-1.

PUsed to derive an acute inhalation Minimal Risk Level (MRL) of 0.003 ppm; dose adjusted from intermittent to continuous dosing (0.1 ppm x 8 hr/24 hr = 0.03
ppm); adjusted dose divided by an uncertainty factor of 10 (for human variability).

®Used to derive an intermediate inhalation MRL of 0.00004 ppm; dose adjusted from intermittent to continuous dosing (0.2 ppm x 5 d/7 d x 6 hr/24 hr = 0.036
ppm); adjusted dose divided by an uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation from animals to humans, and 10 for human
variability).

dUsed to derive a chronic inhalation MRL of 0.00004 ppm; dose adjusted from intermittent to continuous dosing (0.2 ppm x 5 d/7 d x 6 hr/24 hr = 0.036 ppm);
adjusted dose divided by an uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation from animals to humans, and 10 for human variability).

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; F = female; Gastro = gastroihtestinal; Gn pig = guinea pig; Hemato =
hematological; hr = hour(s); immuno./Lympho = immunologicallymphoreticular, LOAEL = lowest-observed-adverse-effect level; M = male; mo = month(s);
Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-eftect level; NS = not specified; Resp = respiratory; wk = week(s); yr = year(s)
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Figure 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate — Inhalation
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Figure 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate - Inhalation (continued)
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Figure 2-1. Levels of Significant Exposure to Propylene Glycol Dinitrate — Inhalation (continued)
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No studies were located regarding respiratory effects in animals after inhalation exposure to Otto Fuel
I, 2-nitrodiphenylamine, or dibutyl sebacate. However, studies were located that examined respiratory

end points in animals following inhalation exposure to propylene glycol dinitrate.

In general, inhalation exposure of animals to propylene glycol dinitrate resulted in no gross or
histologically apparent adverse effects on the tissues of the respiratory system. Studies examining the
effects of a 90-day, 24-hour/day exposure of rats, monkeys, and dogs to 35 ppm propylene glycol
dinitrate showed no treatment-related gross or histopathological alterations in the lungs (Jones et al.
1972). In addition, a I-year exposure of mice to 35 ppm propylene glycol dinitrate and a 14-month
exposure of dogs to 0.2 ppm propylene glycol dinitrate for 6 hours/day, 5 days/week, produced no
gross or histopathological changes in the tissues of the nasal cavity, larynx, trachea,. bronchi, or lungs
(Air Force 198Sa). In this Air Force study (1985a), the atmosphere containing propylene glycol
dinitrate was generated by volatilizing Otto Fuel II. The study is limited, however, in that the controls
were not sham exposed. In addition, the control mice developed intercurrent ulcerative dermatitis,

thereby confounding the conclusions that can be drawn.

Adverse respiratory effects were, however, observed in two studies. In the first study, exposure of
guinea pigs to 16 ppm propylene glycol dinitrate for 24 hours/day for 90 days resulted in foci of
pulmonary hemorrhage in both males and females (Jones et al. 1972). In the other study, exposure of
rats of both sexes to propylene glycol dinitrate for 6 hours/day, 5 days/week, for I year, resulted in
mild degeneration of the nasal epithelium at concentrations as low as 0.2 ppm and pulmonary
inflammation only in females at 35 ppm (Air Force 1985a). After a l-year recovery period, the effects
on the nasal epithelium and lungs were no longer significantly increased. As noted above, the
propylene glycol dinitrate atmospheres in the Air Force study were generated by volatilizing

Otto Fuel I1. Also, controls were not sham exposed in this study; thus, it is difficult to determine
whether the effects observed on the nasal epithelium and lungs were related specifically to propylene

glycol dinitrate exposure.

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans
following inhalation exposure to 2-nitrodiphenylamine alone or dibutyl sebacate alone. However,
information was available regarding cardiovascular end points following inhalation exposure to Otto

Fuel II or propylene glycol dinitrate.
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Symptoms identified with nitrate-induced vasodilation or compensatory vasoconstriction have been
observed in studies examining human exposure to Otto Fuel II and its major component, propylene
glycol dinitrate. For example, headaches of presumed vascular origin were experienced either
frequently or occasionally by 65% of 87 torpedo maintenance workers with 1-132 months (average of
47 months) of exposure to Otto Fuel II (Horvath et al. 1981). However, it was not reported whether
the incidence of this effect was greater than in controls. Also, workers at an incinerator where Otto
Fuel II was burned reported that they were able to identify exposures to Otto Fuel II by the
characteristic vasodilatory headache (ATSDR 1990).

Experimental exposure of volunteers to atmospheres of propylene glycol dinitrate generated by
volatilizing this chemical from Otto Fuel II, resulted in headaches of presumed vascular origin
(Stewart et al. 1974). The headaches began as mild frontal headaches and became progressively worse
and throbbing in nature. Headaches were reported by some subjects exposed to concentrations of
propylene glycol dinitrate as low as 0.2 ppm for up to 8 hours. With repeated exposures, the severity
and frequency of headaches was observed to decrease. By analogy with the effects of other aliphatic
nitrates, the headaches are most likely the result of vasodilation of the meningeal blood vessels

(Nickerson 1975).

Nasal congestion was also reported by 31% of the torpedo maintenance workers interviewed by
Horvath et al. (1981) as an occasional or frequent symptom associated with Otto Fuel II exposure.
This effect was considered to be cardiovascular in origin because it was most likely the result of

vasodilation of blood vessels in the nasal mucosa and sinuses.

Lowered blood pressures were observed in workers at an incineration facility at which Otto Fuel II
comprised approximately 10% of the waste burned (ATSDR 1990). However, this effect cannot be
directly attributed to Otto Fuel II exposure because of the number of other materials incinerated at the
facility. An increase in diastolic pressure was observed during the last 2-3 hours of exposure in
volunteers exposed to 0.5 ppm propylene glycol dinitrate for 8 hours (Stewart et al. 1974) possibly

indicating compensatory vasoconstriction.

Based on the observation that nitrated esters cause a compensatory vasospasm that may produce
coronary insufficiency upon withdrawal from exposure (Carmichael and Lieben 1963; Morton 1977), a

study was conducted to examine the incidence of coronary symptoms among 1,352 Navy torpedoman’s
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mates with potential exposure to Otto Fuel II (Forman et al. 1987). This study demonstrated a
significantly greater incidence of hospitalizations for myocardial infarctions or angina pectoris in the
exposed torpedoman’s mates than in 14,336 unexposed torpedoman’s mates or 29,129 fire control
technicians. Palpitations and chest pain were also reported by the workers in the study by Horvath et
al. (1981). Of the 87 exposed workers that were interviewed, 10% reported experiencing palpitations
and 4% reported experiencing chest pain. However, it was not reported whether the incidence of these
symptoms was greater than in the controls. Chest pain and tightness were also reported by several
workers at an incinerator where Otto Fuel Il was burned (ATSDR 1990). One of these workers was
diagnosed with nitrate withdrawal angina when cardiac catheterization failed to reveal any other cause.
However, causative agents other than Otto Fuel I cannot be eliminated because of the large number of

other hazardous wastes also burned at the facility.

No changes were observed in the electrical activity or mechanical performance of the hearts of

9 subjects exposed to up to 0.5 ppm propylene glycol dinitrate for 8 hours, 1.5 ppm propylene glycol
dinitrate for 3.2 hours, or 0.2 ppm propylene glycol dinitrate for 5 days for 7.5-8 hours/day (Stewart
et al. 1974). Tests were conducted during exposure, and baseline studies were repeated 16 hours

following each exposure.

No studies were located regarding cardiovascular effects in animals after inhalation exposure to Otto
Fuel II or two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, limited
information was located regarding cardiovascular effects in animals following inhalation exposure to

propylene glycol dinitrate.

Relative to a pre-exposure period, anesthetized rats exposed nose-only to up to 94 ppm propylene
glycol dinitrate vapors for 30-45 minutes exhibited no changes in mean systolic pressure during
exposure (Godin et al. 1993). Exposure of monkeys to 74-103 ppm of propylene glycol dinitrate for

6 hours resulted in pallor and cold extremities of the monkeys during exposure (Jones et al. 1972),
suggesting hypotension and compensatory vasoconstriction. The monkeys recovered within

30-45 minutes after termination of the exposure. No other studies reported effects associated with
changes in vascular tone. However, two studies found no gross or microscopically apparent damage to
the heart following inhalation exposure to propylene glycol dinitrate. In one study, no gross or
histopathologic changes in the heart were observed following exposure of rats, guinea pigs, dogs, or

monkeys to 35 ppm propylene glycol dinitrate for 24 hours/day, for 90 days (Jones et al. 1972). In
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the other study, no gross or histopathologic changes in the heart were observed during routine
examination of tissues from rats or mice exposed to 35 ppm propylene glycol dinitrate for 6 hours/day,
5 days/week, for 1 year, or from dogs exposed to 0.2 ppm propylene glycol dinitrate for 6 hours/day,

5 days/week, for 14 months (Air Force 1985a). The test atmospheres in the Air Force study were
generated by volatilizing propylene glycol dinitrate from Otto Fuel II.

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans

after inhalation exposure to Otto Fuel II or its components.

No studies were located regarding gastrointestinal effects in animals after inhalation exposure to Otto
Fuel II or two of its components, 2-nitrodiphenylamine or dibutyl sebacate. However, extremely
limited information was located regarding potential gastrointestinal effects resulting from inhalation

exposure of animals to propylene glycol dinitrate.

Routine gross and histopathological examination of the esophagus, stomach, duodenum, ileum, colon,
and anus of rats and mice exposed to 35 ppm propylene glycol dinitrate for 1 year, 6 hours/day,

5 days/week, and then observed for an additional year post-exposure revealed no treatment-related
effects (Air Force 1985a). Similarly, no treatment-related gross or microscopic changes were observed
in this study in dogs exposed to 0.2 ppm propylene glycol dinitrate for 14 months, 6 hours/day,

5 days/week.

Hematological Effects. No studies were located regarding hematological effects in humans after
inhalation exposure to Otto Fuel II or two of its components, 2-nitrodiphenylamine and dibutyl

sebacate. However, methemoglobin levels were examined in one study in which volunteers were
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exposed to concentrations of 1.5 ppm propylene glycol dinitrate for 3.2 hours or 0.2 ppm for 7.5-8 hours/day for 5

days (Stewart et al. 1974). Inhalation exposure at these levels was insufficient to elevate methemoglobin levels

above control values. Test atmospheres in this study were generated by volatilizing propylene glycol dinitrate from

Otto Fuel II.

No studies were located regarding hematological effects in animals after inhalation exposure to Otto

Fuel II or two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, hematological

end points were assessed in several studies following inhalation exposure of animals to propylene glycol dinitrate.
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Elevated methemoglobin levels were observed in a number of acute-, intermediate-, and chronic-duration

exposure studies in which animals were exposed to propylene glycol dinitrate. Methemoglobin levels of 23.5%
were measured in rats immediately following a 4-hour exposure to 200 ppm propylene glycol dinitrate (Jones et al.
1972). Cyanosis and elevated methemoglobin levels (18.2%) were observed in a rabbit exposed to 35 ppm
propylene glycol dinitrate for 23 hours/day for 4 days (Jones et al. 1972). This animal died on the 4th day of
exposure. At the time of death, the methemoglobin level was 32.8%. Similarly, the methemoglobin level in a
squirrel monkey that died following exposure to 61 ppm propylene glycol dinitrate for 23 hours/day for 3 days was
40.2% at the time of death (Jones et al. 1972).

Continuous (24 hours/day) exposure of rats, guinea pigs, dogs, and monkeys to propylene glycol
dinitrate for 90 days resulted in elevated methemoglobin levels during exposure and histopathologic
evidence of hemolysis in all four species (Jones et al. 1972). At concentrations as low as 10 ppm,
hemosiderin deposits (indicating phagocytosis of oxidized hemoglobin released from hemolyzed red
cells) were observed in kidneys and livers from dogs and in kidneys from some rats. At 16 ppm,
hemosiderin deposits were observed in the liver of dogs and monkeys; at 35 ppm, in addition to the
liver and kidneys, heavy hemosiderin deposits were observed in the spleens of these animals. At

35 ppm, all four species exhibited elevated methemoglobin levels. Postexposure values for leukocytes,
hemoglobin, and hematocrit were not significantly altered in rats, guinea pigs, or monkeys, but dogs
exposed to 35 ppm experienced an average 63% decrease in hemoglobin and a 37% decrease in

hematocrit (Jones et al. 1972).

Chronic intermittent (6 hours/day, 5 days/week) exposure of dogs to 0.2 ppm propylene glycol
dinitrate for 14 months resulted in a small but statistically significant increase in methemoglobin levels
(1-3% above normal levels) (Air Force 1985a). Exposure at this level also caused anemia in the dogs.
At the first 2-week blood test, a decreased hematocrit and hemoglobin content was observed, and at

4 weeks, a significant decrease in the number of red blood cells and reticulocytes was also observed.
These decreases were maintained throughout the duration of the study. Despite the indication that
hematopoiesis was affected (low reticulocyte count in the presence of reduced red cell count), samples
of bone marrow taken at necropsy showed no effect on the blood forming cells and no effect was
observed on the spleen. Additional tests performed to determine the nature of the anemia revealed
neither excessive hemoglobin denaturation nor increase in the fragility of the erythrocyte membrane.

No Heinz bodies (precipitates of denatured hemoglobin within the red blood cell) were observed, and
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the erythrocytes demonstrated only a Slight increase in osmotic fragility at the lowest osmotic strengths
tested. Rats exposed to 35 ppm propylene glycol dinitrate for 1 year, 6 hours/day, 5 days/week, also
demonstrated a small but statistically significant increase in methemoglobin levels (1-2% above
normal) during exposure, but no consistent effects on the hematocrit, hemoglobin, or red blood cell
content of the blood were observed (Air Force 1985a), indicating the increased sensitivity of the dog
relative to the rat. The test atmospheres in the Air Force study were generated by volatilizing

propylene glycol dinitrate from Otto Fuel II.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans
after inhalation exposure to propylene glycol dinitrate, 2-nitrodiphenylamine, or dibutyl sebacate.
However, a “seronegative arthritis” was diagnosed in several workers from an incinerator at which
10% of the material burned was Otto Fuel Il (ATSDR 1990). Because of the large number of other
wastes handled at the facility, the arthritis cannot be ascribed to Otto Fuel II exposure with any

certainty.

No studies were located regarding musculoskeletal effects in animals after inhalation exposure to Otto
Fuel II or two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, effects on the
skeletal system were observed in one animal study following inhalation exposure to propylene glycol

dinitrate.

An increased incidence of osteosclerosis of cortical bone (stemebrae, vertebrae and/or femur) was
observed in female rats 1 year after they had been exposed to 35 ppm propylene glycol dinitrate for
1 year, 6 hours/day, 5 days/week (Air Force 1985a). This effect was attributed by the study authors to

altered estrogen levels in these animals, but no data on estrogen levels were presented to support this
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assertion. Routine gross and histopathologic examination of the thigh muscle and stemebrae, vertebrae, or femur of

mice exposed to 35 ppm propylene glycoi dinitrate for 1 year, 6 hours/day, 5 days/week, and then observed for an

additional year, or of dogs exposed to 0.2 ppm propylene glycol dinitrate for 14 months, 6 hours/day, 5 days/week,

revealed no abnormalities in these tissues (Air Force 1985a). The test atmospheres in this study were generated by

volatilizing propylene glycol dinitrate from Otto Fuel II.

Hepatic Effects. No studies were located regarding hepatic effects in humans after inhalation

exposure to propylene glycol dinitrate, 2-nitrodiphenylamine, or dibutyl sebacate. However, transient
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elevations were noted in unspecified parameters assessing liver function in several incinerator workers
at a facility at which approximately 10% of the waste handled was Otto Fuel II (ATSDR 1990). This
effect cannot be definitively attributed to Otto Fuel II because the other wastes incinerated included a

number of solvents.

No studies were located regarding hepatic effects in animals after inhalation exposure to Otto Fuel I1
or two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, several animal studies
provided information regarding hepatic end points following inhalation exposure to propylene glycol

dinitrate.

Continuous (24 hours/day) exposure of rats, guinea pigs, dogs, and monkeys to propylene glycol
dinitrate for 90 days has been shown to result in degenerative changes in the liver (Jones et al. 1972).
Concentrations of propylene glycol dinitrate as low as 10 ppm in rats and guinea pigs, and 16 ppm in
dogs and monkeys, have been shown to cause fatty changes in the livers of these animals. Changes
observed at 35 ppm included vacuolar changes in the livers of guinea pigs, focal liver necrosis in
female rats (male rats were unaffected), and vacuolar change, mononuclear, cell infiltrates, and focal
necrosis in the livers of monkeys and dogs (Jones et al. 1972). In addition, bromosulfophthalein
retention was increased in one of the two dogs exposed at 35 ppm, indicating depressed hepatic
function. In dogs and monkeys, the degenerative changes were commonly associated with heavy

deposition of hemosiderin in the liver. It is unclear whether these effects are causally related.

In contrast, routine gross and histopathological examination of livers from animals that were
intermittently exposed to propylene glycol dinitrate for intermediate or chronic durations did not reveal
any adverse effects. For example, gross and histopathological examination of livers of male rats
exposed to 10 ppm propylene glycol dinitrate for 6 weeks, 7 hours/day, 5 days/week (Jones et al.

1972) or 35 ppm propylene glycol dinitrate for I year, 6 hours/day, 5 days/week (Air Force 1985a)
showed no treatment-related effects. The 6-week study is limited in that no controls were used. Gross
and histopathological examination of livers of mice exposed for I year, 6 hours/day, 5 days/week, to

35 ppm propylene glycol dinitrate or dogs exposed for 14 months, 6 hours/day, 5 days/week, to

0.2 ppm propylene glycol dinitrate revealed no adverse treatment-related effects (Air Force 1985a).
The test atmospheres in the Air Force study were generated by volatilizing propylene glycol dinitrate

from Otto Fuel II.
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Renal Effects. No studies were located regarding renal effects in humans after inhalation exposure

to Otto Fuel II or its components.

No studies were located regarding renal effects in animals after inhalation exposure to Otto Fuel II or
two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, several studies have

examined the renal toxicity of propylene glycol dinitrate following inhalation exposure.

Continuous (24 hours/day) exposure of rats to 35 ppm of propylene glycol dinitrate for 90 days

resulted in an increased incidence of acute tubular necrosis in female, but not male, rats (Jones et al.

1972). In addition, continuous exposure of monkeys to propylene glycol dinitrate at concentrations as

low as 16 ppm for 90 days resulted in increased serum urea nitrogen and decreased serum alkaline phosphatase
(indicating the possibility of renal dysfunction). However, no gross or histological evidence of degenerative
changes in the kidneys was observed in monkeys exposed to concentrations as high as 35 ppm for 90 days (Jones et
al. 1972). The renal toxicity observed in these cases may have been caused by hemoglobinuria resulting from
massive hemolysis (Cotran et al. 1989). In support of this is the observation that continuous exposure of rats to
concentrations as low as 10 ppm and monkeys to concentrations as low as 16 ppm of propylene glycol dinitrate for
90 days resulted in an increase in hemosiderin deposits in the proximal convoluted tubules of the kidneys (Jones et
al. 1972). Heavy hemosiderin deposits were observed in the kidneys of monkeys continuously exposed to

35 ppm propylene glycol dinitrate for 90 days. These deposits were attributed to increased destruction

of erythrocytes (see also Hematological Effects above). Arguing against the role of hemoglobinuria in

the renal toxicity is the observation that dogs exposed to concentrations of propylene glycol dinitrate

as low as 10 ppm also had increased hemosiderin deposits in the proximal convoluted tubules of the

kidneys but no clinical or microscopic evidence of renal dysfunction at concentrations as high as

35 ppm (Jones et al. 1972). Thus, it is unclear whether the observed renal effects in female rats and

monkeys were the result of hemoglobinuria or a direct toxic effect of propylene glycol dinitrate on the

kidneys.

Other studies in which intermittent exposures were used have not detected renal toxicity. Routine
gross and histopathological examination of kidneys from male rats that have been intermittently

(7 hours/day, 5 days/week, for 6 weeks) exposed to 10 ppm of propylene glycol dinitrate by inhalation
(Jones et al. 1972) or from rats or mice that have been intermittently (6 hours/day, 5 days/week, for

1 year) exposed by inhalation to 35 ppm propylene glycol dinitrate (Air Force 1985a) did not reveal
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any adverse effects. The 6-week study by Jones et al. (1972) is limited in that no controls and only
male rats were used. The test atmospheres in the Air Force study were generated by volatilizing

propylene glycol dinitrate from Otto Fuel II.

Endocrine Effects. Limited information is available regarding endocrine effects after inhalation
exposure to Otto Fuel II and its components. No gross or histopathologic alterations were observed in
the adrenals of two male dogs continuously exposed to up to 35 ppm propylene glycol dinitrate for
90 days (Jones et al. 1972). In a chronic-duration study, no gross or microscopical alterations were
observed in the thyroid, parathyroid, and pituitary glands from mice and rats exposed for a year to

35 ppm of propylene glycol dinitrate vapors 6 hours/day, 5 days/week, or in dogs exposed to 0.2 ppm

using a similar protocol (Air Force 1985a).

Dermal Effects. No studies were located regarding dermal effects in humans after inhalation

exposure to propylene glycol dinitrate, 2-nitrodiphenylamine or dibutyl sebacate. Eczema, dermatitis
with macropapular rashes, and sweating with no apparent cause were reported by incinerator workers
at a facility at which Otto Fuel II made up approximately 10% of the waste material handled (ATSDR
1990). However, other materials processed at the incinerator could have been responsible for these

effects.

No studies were located regarding dermal effects in animals after inhalation exposure to Otto Fuel II,
2-nitrodiphenylamine and dibutyl sebacate. No adverse effects of inhalation exposure to propylene
glycol dinitrate on the skin were reported in rats or mice exposed to 35 ppm for 1 year, 6 hours/day,
5 days/week, or in dogs exposed to 0.2 ppm for 14 months, 6 hours/day, 5 days/week (Air Force
1985a). The test atmospheres in the Air Force study were generated by volatilizing propylene glycol
dinitrate from Otto Fuel II.

Ocular Effects. No studies were located regarding ocular effects in humans after inhalation

exposure to 2-nitrodiphenylamine and dibutyl sebacate. However, eye irritation has been reported by
workers occupationally exposed to Otto Fuel I and volunteers experimentally exposed to propylene
glycol dinitrate. Slight eye irritation was reported by one of twelve volunteers exposed to atmospheres
containing 0.2 propylene glycol dinitrate in an exposure chamber for 8 hours (Stewart et al. 1974). An
exposure level of 1.5 ppm propylene glycol dinitrate caused frank eye irritation in 8 out of 8 subjects

after 40 minutes in the chamber (Stewart et al. 1974). However, the same investigators also reported
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that none of 9 volunteers exposed to 0.2 ppm propylene glycol dinitrate 8 hours/day for 5 days
complained of eye irritation (Stewart et al. 1974). Eye irritation was also reported as an occasional or
frequent symptom experienced by 26% of a group of 87 workers occupationally exposed to Otto

Fuel II (Horvath et al. 1981). However, the incidence of this effect was not contrasted with the
incidence in an unexposed population. Eye irritation was also a common complaint among incinerator
workers at a facility at which Otto Fuel II made up approximately 10% of the waste materials handled
(ATSDR 1990). However, other materials processed at the incinerator could have been responsible for

these effects.

No studies were located regarding ocular effects in animals after inhalation exposure to Otto Fuel II or
two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, limited information on
ocular end points was found in one study in which animals were exposed to propylene glycol dinitrate

by inhalation.

Pupillary dilation was observed to increase from slight to moderate in monkeys exposed to
atmospheres containing 35 ppm propylene glycol dinitrate for 24 hours/day for 90 days (Jones et al.
1972). It was not stated whether this effect was a direct effect on the eyes or whether the effect may

have been neurologically mediated (see also Section 2.2.1.4).

Body Weight Effects. Body weight effects after inhalation exposure to Otto Fuel II or its
components are limited to studies in animals exposed to propylene glycol dinitrate. No significant
alterations in body weight gain were reported in rats, guinea pigs, dogs and monkeys exposed
continuously to 35 ppm propylene glycol dinitrate vapors for 90 days (Jones et al. 1972). Similar
results were reported in rats and mice exposed to 35 ppm and dogs exposed to 0.2 ppm intermittently

for approximately one year (Air Force 1985a).

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans after inhalation exposure to

propylene glycol dinitrate, 2-nitrodiphenylamine, or dibutyl sebacate. However, an immunological end

point was observed in a situation where workers were exposed to Otto Fuel II.
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A child of a worker at an incinerator at which Otto Fuel II was processed developed asthma (ATSDR
1990). The asthma was linked to materials handled at the incinerator because when the father of the
child stopped bringing his work clothing home, the child’s condition improved. However, Otto Fuel 11
comprised only approximately 10% of the wastes handled at the facility; thus, other materials may
have triggered the reaction in the child. The possibility also exists that the asthma-like response may
have been caused by tetryl particles activating nerve receptors which triggered vagal reflexes inducing

bronchoconstriction.

No studies were located regarding immunological effects in animals after inhalation exposure to Otto
Fuel II or two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, limited
information was located regarding immunological effects of propylene glycol dinitrate in animals after

inhalation exposure.

No studies that directly examined immunological function were located. However, no gross or
histopathoiogic alterations were observed in the spleens from rats and guinea pigs exposed
continuously to up to 35 ppm propylene glycol dinitrate for 90 days (Jones et al. 1972). Dogs and
monkeys exposed in the same fashion showed heavy iron deposits in their spleens at 35 ppm, but not
at 16 ppm or less (Jones et al. 1972). Total and differential leukocyte counts and routine gross and
histopathological examination of the mandibular and mesenteric lymph nodes, spleen and thymus were
normal in rats and mice exposed to 35 ppm propylene glycol dinitrate for 6 hours/day, 5 days/week,
for 1 year, and in dogs exposed to 0.2 ppm for 6 hours/day, 5 days/week, for 14 months (Air Force
1985a). Test atmospheres in the Air Force study were generated by volatilizing propylene glycol
dinitrate from Otto Fuel II.

The highest NOAEL values for immunologic effects of propylene glycol in rats, mice, guinea pigs,
monkeys, and dogs in intermediate-duration and chronic-duration studies are recorded in Table 2-1 and
plotted in Figure 2- 1.

2.2.1.4 Neurological Effects

No studies were located regarding neurological effects in humans after inhalation exposure to

2-nitrodiphenylamine or dibutyl sebacate. However, neurological effects were reported in studies
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examining occupational exposure to Otto Fuel II and experimental inhalation exposure to propylene

glycol dinitrate.

Studies designed to assess the neurological effects of Otto Fuel II and its component, propylene glycol
dinitrate, in humans have indicated that an alteration of central nervous system activity may result
from occupational exposures. In one study, workers were given tests of balance and oculomotor
performance before and after a torpedo maintenance procedure (Horvath et al. 1981). The
maintenance procedures were approximately 30-60 minutes in duration, and propylene glycol dinitrate
concentrations measured in the work area ranged from 0 to 0.22 ppm (88% of the concentrations
measured were less than 0.1 ppm and 50% were less than 0.05 ppm). Although no statistically
significant decrement in balance was observed, some tests of oculomotor performance were
significantly altered. Mean saccade velocity was significantly decreased and mean saccade delay was
significantly increased in the workers. Saccade accuracy and smooth pursuit were not significantly
affected. A decrease in saccade velocity and an increase in saccade delay have been observed in cases
of central nervous system depression. Consistent with this effect was the observation that volunteers
exposed to various concentrations of propylene glycol dinitrate also exhibited central nervous system
effects (Stewart et al. 1974). Exposure to 0.2 ppm propylene glycol dinitrate for 1-8 hours altered the
visual evoked responses measured in the subjects. With repeated 7.5-8 hour exposures to 0.2 ppm,
the change in the visual evoked response was observed to increase in magnitude indicating a
cumulative effect. Exposure to 0.5 ppm for 8 hours resulted in nausea, dizziness, and more markedly
altered visual evoked responses. At this concentration, the subjects had significantly altered ability to
perform the modified Romberg and heel-to-toe tests. At the highest concentration tested, 1.5 ppm,
subjects experienced coordination deficits and altered visual evoked responses although they were
exposed for less than 4 hours. The effects on visual evoked responses and coordination were
consistent with central nervous system depression. The central nervous system effects noted in these
studies are consistent with the reports of dizziness and loss of balance reported by 13% and 1%,
respectively, of workers occupationally exposed to Otto Fuel Il (Horvath et al. 1981). However, it is
unknown whether the incidence of the effects reported by exposed workers was significantly greater
than in controls. No significant differences between the results of tests of oculomotor function or
coordination and balance were observed when workers occupationally exposed to Otto Fuel I for
1-132 months (47 months average) were compared to clerical and technical personnel with no known

exposure to Otto Fuel II (Horvath et al. 198 I).
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An unspecified number of workers at an incinerator at which Otto Fuel II comprised approximately
10% of the waste materials processed, were diagnosed with a number of neurological disorders
(ATSDR 1990). These included mood disorders, cerebellar dysfunction (ataxia, tremor, nystagmus),
cognitive disorders, memory loss, and possible vestibular dysfunction. Magnetic resonance imaging
showed that two of these workers had cerebellar and cortical atrophy. However, the effects observed
cannot be attributed to Otto Fuel II with certainty because a large number of solvents and other wastes

were also handled at the incinerator.

Headaches have frequently been reported both by workers occupationally exposed to Otto Fuel II and
volunteers experimentally exposed to propylene glycol dinitrate (ATSDR 1990; Horvath et al. 1981 ;
Sfewart et al. 1974). The headaches are most likely associated with meningeal blood vessel dilation

(Nickerson 1975) (see also Cardiovascular Effects in Section 2.2.1.2).

No studies were located regarding neurological effects in animals after inhalation exposure to Otto
Fuel II or two of its components, 2-nitrodiphenylamine and dibutyl sebacate. However, several studies
have examined neurological end points following inhalation exposure of animals to propylene glycol

dinitrate.

Monkeys exposed to concentrations of propylene glycol dinitrate as low as 2 ppm for 4 hours have
demonstrated altered visual evoked responses (Mattsson et al. 1981); however, studies in animals have
provided only very limited gross behavioral evidence of neurological effects of propylene glycol
dinitrate. For example, exposure of an unspecified number of monkeys to 74-103 ppm propylene
glycol dinitrate for 6 hours resulted in semiconsciousness and clonic convulsions (Jones et al. 1972).
Recovery from these effects was observed within 30-45 minutes after termination of exposure. Also,
monkeys exposed to 39 ppm propylene glycol dinitrate for 24 hours/day, for 90 days, experienced an
increase in pupillary dilation from slight to moderate (Jones et al. 1972). No effect on visual
discrimination or visual acuity was observed. This study was limited by the small number of animals

used.

Other tests have not demonstrated neurological effects of propylene glycol dinitrate in animals.
Performance of monkeys in an operant avoidance behavioral test was not affected by inhalation
exposure to propylene glycol dinitrate at concentrations as high as 33 ppm for 4 hours or by exposure

to concentrations as high as 4.23 ppm for 23 hours/day in an increasing dose paradigm lasting
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125 days (Mattsson et al. 1981). This study is limited in that only two monkeys were used. No gross
or histopathological effects have been observed in sections from brain and spinal cord or sciatic nerve
in dogs and monkeys exposed to 35 ppm, 24 hours/day, for 90 days (Jones et al. 1972), in rats and
mice exposed to 35 ppm, 6 hours/day, 5 days/week, for I year, and in dogs exposed to 0.2 ppm,

6 hours/day, 5 days/week, for 14 months (Air Force 1985a).

The highest NOAEL values and all reliable LOAEL values for neurological effects of propylene glycol

dinitrate in each species and duration category are recorded in Table 2- 1 and plotted in Figure 2- 1.

2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to the
individual components of Otto Fuel II. However, a study compared the incidence of spontaneous and
induced abortions in female Navy enlisted personnel exposed to Otto Fuel II with that in two groups
of enlisted female workers nat exposed to Otto Fuel II and found no increase (Forman 1988). The
number of female workers exposed to Otto Fuel Il in this study was extremely small, limiting the

sensitivity of the comparison.

No studies were located that examined the effects of Otto Fuel II or its individual components on
reproductive performance in animals after inhalation exposure. Although no information was located
regarding reproductive performance, limited data were available regarding effects of propylene glycol
dinitrate on the gross and microscopic structure of reproductive organs. Routine gross and
histopathological examination of the seminal vesicles, prostate, testes, ovaries, uterus, and mammary
glands of mice and rats exposed to 35 ppm propylene glycol dinitrate for 1 year, 6 hours/day,

5 days/week, and dogs exposed to 0.2 ppm for 14 months, 6 hours/day, 5 days/week, revealed no
treatment-related effects (Air Force 1985a). Test atmospheres in this study were generated by
volatilizing propylene glycol dinitrate from Otto Fuel II.

The highest NOAEL values for reproductive effects in each species following chronic-duration

inhalation exposure to propylene glycol dinitrate are recorded in Table 2- 1 and plotted in Figure 2- 1.
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2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans after inhalation exposure to
propylene glycol dinitrate, 2-nitrodiphenylamine, or dibutyl sebacate. However, extremely limited
information regarding developmental effects in children of workers occupationally exposed to Otto

Fuel II was available.

A child with multiple birth defects was born to the wife of a worker at an incineration facility at
which Otto Fuel II comprised approximately 10% of the waste processed (ATSDR 1990). The defects
included club foot, imperforate anus, renal anomalies and persistence of the cloaca. Chromosomal
studies on the child were normal. However, the birth defects cannot be definitively ascribed to Otto
Fuel II exposure because other possible causes for the defects existed (i.e., exposure to other
developmental toxicants) and the incidence of similar defects in a control population were not

adequately characterized.

No studies were located regarding developmental effects in animals after inhalation exposure to Otto

Fuel II or its components.

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or animals after inhalation exposure to

Otto Fuel II or its components.

Genotoxicity studies are discussed in Section 2.4.

2.2.1.8 Cancer

No studies were located regarding cancer in humans after inhalation exposure to Otto Fuel II or any of

its individual components.

No studies were located regarding cancer in animals after inhalation exposure to Otto Fuel II or two of

its components, 2-nitrodiphenylamine and dibutyl sebacate.
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Extremely limited information was located regarding cancer in animals after inhalation exposure to
propylene glycol dinitrate. One osteoma and one osteosarcoma were observed in rats 1 year following
exposure to 0.2 ppm of propylene glycol dinitrate for I year, 5 days/week, 6 hours/day;

2 osteosarcomas were observed in rats | year following exposure at the 35ppm level for the same
duration (Air Force 1985a). These tumors are rare and could be indicative of a tumorigenic potential
of propylene glycol dinitrate. However, the study authors concluded that the lack of a dose response
given the large differences in doses tested suggested that the tumors were not exposure related. Mice
exposed to 35 ppm of propylene glycol dinitrate for 6 hours/day, 5 days/week, for 1 year, and then
observed for 1 year postexposure, had an increased incidence of lymphoid hyperplasia (considered to
be indicative of early lymphoma, a common lesion in older mice) (Air Force 1985a). However, the
study authors also concluded that this lesion was incidental and not exposure related. Both of these
studies are limited in that they were less than lifetime studies (18 months in the mouse and 2 years in
the rat), the controls were not sham exposed, and a chronic ulcerative dermatitis was observed in the

control mice, confounding the analysis of the results of the study.

2.2.2 Oral Exposure

With the exception of acute oral LDs, data, virtually all of the information on the effects of Otto Fuel
I or its components after oral exposure comes from studies examining the oral toxicity of dibutyl
sebacate. These studies show that dibutyl sebacate is a relatively nontoxic component of Otto Fuel II.
The only toxicity observed with dibutyl sebacate is a slight depression of body weight of offspring
from parental animals that had consumed large amounts of dibutyl sebacate prior to conception (Smith

1953).

2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to Otto Fuel II or its
components.

The only study that was located regarding death in animals after oral exposure to Otto Fuel II was an
LDs, determination in rats; however, very few experimental details were presented (Navy 1982b).

This study reported an LDs, value of 2,000 mg/kg.
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A number of studies have examined the acute oral toxicity of propylene glycol dinitrate in rats. Oral
LDs, values ranging from 250 to 1,190 mg/kg have been determined (Andersen and Mehl 1979; Clark
and Litchfield 1969; Jones et al. 1972). The reason for the wide range of values obtained is not clear
but may have been due to differences in the strain, sex, age, or weight of the rats tested. Different rat
strains were used in all three studies: Sprague Dawley (Andersen and Mehl 1979) Alderley Park
strain (Clark and Litchfield 1969), and Long Evans (Jones et al. 1972). Also, Andersen and Mehl
(1979) and Jones et al. (1972) used only male rats; whereas, Clark and Litchfield (1 969) used only
females. All three studies described similar symptoms before death including prostration and anoxia.
In addition, mild convulsions were observed in the rats prior to death in the study by Jones et al.

(1972).

Dibutyl sebacate has very low toxicity and only very large oral doses were observed to result in death.
All rats given a single oral dose of 32,000 mg/kg died; whereas, all rats given 16,000 mg/kg survived
(Smith 1953). No gross or histopathologic changes indicating the cause of death were observed in the
rats at necropsy. However, extremely large volumes of test material were administered (approximately
2.4 mL at the highest dose tested) to 60-75gram rats; thus, it is possible that death may have resulted
from aspiration of the test material. This is supported by the observation of hemorrhaging and edema
in the lungs of the rats and mice receiving doses greater than or equal to 10-1 5 g/kg in the oral LDs,
study by Komarova (1976, 1979). Oral LDs, values for dibutyl sebacate in rats and mice in this study
were reported to be 17,200 mg/kg/day and 18,100 mg/kg/day, respectively (Komarova 1976, 1979).

The only information located regarding death following ingestion of 2-nitrodiphenylamine indicated
that the oral toxicity of 2-nitrodiphenylamine was also very low. The oral LDs, value for rats was
6,150 mg/kg. (This information was obtained from a Material Safety Data Sheet on
2-nitrodiphenylamine [American Cyanamid 19821). Because the actual study was unavailable for

review, this value could not be verified.)

All reliable LOAEL values for death in rats following acute-duration exposure are recorded for
propylene glycol dinitrate in Table 2-2 and for dibutyl sebacate in Table 2-3 and plotted for propylene
glycol dinitrate in Figure 2-2 and for dibutyl sebacate in Figure 2-3.
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TABLE 2-2. Levels of Significant Exposure to Propylene Glycol Dinitrate - Oral

Exposure/

a Duration/

Keyto Species/  proqyency
figure (Strain) (Specific Route) System

NOAEL
(mg/kg/day)

LOAEL

Less Serious

(mg/kg/day)

Serious

(mg/kg/day)

Reference

ACUTE EXPOSURE
Death

1 Rat once
(Sprague- (G)
Dawiey)

2 Rat once
(Aldertey (GO)
Park)

3 Rat once

(Long- Evans) (G)

250 M (LD50)

1,190 F (LD50)

860 (LD50)

Andersen and Mehl
1979

Clark and Litchfield
1969

Jones et al. 1972

*The number corresponds to entries in Figure 2-2.

F = female; (G) = gavage; (GO) = gavage in oil; LD50 = lethal dose, 50% kill;, LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-

adverse-effect level
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Figure 2-2. Levels of Significant Exposure to Propylene Glycol Dinitrate — Oral

Acute
(<14 days)
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2
10,000 Q

1,000

100
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The number next to each point corresponds to entries in Table 2-2.
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TABLE 2-3. Levels of Significant Exposure to Dibutyi Sebacate - Oral

Exposure/ LOAEL
a Duration/
Keyto  Species/ Frequency NOAEL Less Serious Serious
figure  (Strain) (gpecific Route) SYS'®™  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death

1 Rat once 17,200  (LDSO) Komarova 1976,
(NS) (G) 1979

2 Rat once 32,000 M (6/6 died) Smith 1953
(Sprague- (NS)

Dawley)

3 Mouse once 18,100 (LD50) Komarova 1976,
(NS) (G) 1979
INTERMEDIATE EXPOSURE
Reproductive

4 Rat 10 wk 3,125 Smith 1953
(Sprague- ad lib
Dawley) (F)

Developmental

5 Rat 10 wk 3,125 ° (decreased weight gain Smith 1953
(Sprague- ad lib of litters)

Dawley) (F)

S103443 HLTVaH ¢
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TABLE 2-3. Levels of Significant Exposure to Dibutyl Sebacate - Oral (continued)

Exposure/

a Duration/ LOAEL
Keyto Species/  Frequency
f Strain NOAEL Less Serious Serious
igure  (Strain)  goecific Route)  System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
CHRONIC EXPOSURE
Systemic
6 Rat 2yr Resp 3,125M Smith 1953
(Sprague- adlib
Dawley) (F)
Cardio 3,125M
Gastro 3,125M
Hemato 3,125M
Hepatic 3,125M
Renal 3,125M
Endocr 3,125M
ImmunoJLymphor
7 Rat 2yr 3,125M Smith 1953
{Sprague- ad lib
Dawley) (F)
8 Rat 1yr 625M Smith 1953
(Sprague- ad lib
Dawley) (F)
Neurological
9 Rat 1yr 625M Smith 1953
(Sprague- ad lib
Dawiley) R
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TABLE 2-3. Levels of Significant Exposure to Dibutyl Sebacate - Oral (continued)

Exposure/
a Du;:atlon/ LOAEL
Keyto Species/  Frequency NOAEL Less Serlous Serious
figure  (Strain) (specific Route)  SYSteM  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
10 Rat 2yr 3,125M Smith 1953
(Sprague- ad lib
Dawley) (F)

8The number corresponds to entries in Figure 2-3.

ad lib = ad libitum: Cardio = cardiovascular; Endocr = endocrine; (F) = feed; (G) = gavage, Gastro = gastrointestinal; Hemato = hematological; LD50 = lethal
dose, 50% kill: LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level; NS = not specified; Resp = respiratory;

wk = week(s); yr = year(s)
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Figure 2-3. Levels of Significant Exposure to Dibutyl Sebacate — Oral
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2. HEALTH EFFECTS
2.2.2.2 Systemic Effects

No studies were located regarding musculoskeletal, dermal, or ocular effects in humans or animals

after oral exposure to Otto Fuel II or its components.

The highest NOAEL values and all reliable LOAEL values for each study for each end point for
dibutyl sebacate in rats are recorded in Table 2-3 and plotted in Figure 2-3.

Respiratory Effects. No studies were located regarding respiratory effects in humans after oral

exposure to Otto Fuel II or its components.

No studies were located regarding respiratory effects in animals after oral exposure to Otto Fuel II or
two of its components, propylene glycol dinitrate and 2-nitrodiphenylamine. However, necropsy of
rats and mice that died as a result of receiving a single oral dose of dibutyl sebacate greater than or
equal to 10,000 and 15,000 mg/kg, respectively, revealed hemorrhaging and edema of the lungs
(Komarova 1976, 1979). No information regarding the number of animals per dose with lung
pathology or the dose relationship of this response was presented. It is possible that the hemorrhaging
and edema in the lungs was the result of aspiration of the gastric contents, considering the relatively
large gavage volumes used. In contrast, routine gross and histopathological examination of rats
consuming 3,125 mg/kg/day of dibutyl sebacate for 2 years demonstrated no treatment-related gross or

histopathological alterations in the lungs (Smith 1953).

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans after

oral exposure to Otto Fuel II or its components.

No studies were located regarding cardiovascular effects in animals after oral exposure to Otto Fuel 11
or two of its components, propylene glycol dinitrate and 2-nitrodiphenylamine. However,
cardiovascular end points were reported in animals following oral exposure to dibutyl sebacate in two

studies.

Hypervolemia of the heart muscle was observed at necropsy of rats and mice that died following
administration of a single oral dose of dibutyl sebacate greater than or equal to 10,000 and

15,000 mg/kg, respectively (Komarova 1976, 1979). Insufficient information regarding the incidence
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of this effect or the number of animals exposed limits this study. Also, it is unclear whether this
represents a direct toxic effect of the dibutyl sebacate or is a result of the administration of a large
volume of test material. Routine gross and histopathological examination of rats consuming

3, 125 mg/kg/day of dibutyl sebacate for 2 years showed no treatment-related gross or histopathological
changes in the heart (Smith 1953).

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans

after oral exposure to Otto Fuel II or its components.

No studies were located regarding gastrointestinal effects in animals after oral exposure to Otto Fuel 11
or two of its components, propylene glycol dinitrate and 2-nitrodiphenylamine. However,
gastrointestinal end points were reported in animals following oral exposure to dibutyl sebacate in two

studies.

Hypervolemia of the walls of the small intestines and paresis of the stomach were observed in rats and.
mice that died following oral administration ofsingle doses of dibutyl sebacate greater than or equal to
10,000 and 15,000 mg/kg, respectively (Komarova 1976, 1979). It is unclear whether these effects
represented direct toxic effects of the dibutyl sebacate or were the result of administration of a large
oral volume of test material. Routine gross and histopathological examination of rats consuming

3,125 mg/kg/day of dibutyl sebacate for 2 years revealed no treatment-related gross or

histopathological changes in the stomach or small intestine (Smith 1953).

Hematological Effects. No studies were located regarding hematologicat effects in humans after

oral exposure to Otto Fuel II or its components.

No studies were located regarding hematological effects in animals after oral exposure to Otto Fuel 11
or its component, propylene glycol dinitrate. However, limited information was located regarding the

hematological toxicity of 2-nitrodiphenylamine and dibutyl sebacate.

An Army review indicated that oral administration of 3,070 mg/kg of 2-nitrodiphenylamine to rats
resulted in elevation of methemoglobin levels to 9.45% (Army 1979). (This information was obtained
by the U.S. Army through personal communication with American Cyanamid. Because the actual

study was unavailable for review, this information could not be verified.)
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Routine hematology performed at 6, 12, 18, and 24 months revealed no effects of consumption of up
to 3,125 mg/kg/day of dibutyl sebacate on hemoglobin, total erythrocytes, or total or differential
leukocyte counts in rats (Smith 1953). Differential counts taken on bone marrow smears at the time of

final sacrifice also revealed no effect on cellular distribution or the myeloid-erythroid ratio.

Hepatic Effects. No studies were located regarding hepatic effects in humans after oral exposure

to Otto Fuel II or its components.

No studies were located regarding hepatic effects in animals after oral exposure to Otto Fuel II or two
of its components, propylene glycol dinitrate and 2-nitrodiphenylamine. However, routine gross and
histopathological examination of rats consuming 3,125 mg/kg/day of dibutyl sebacate for 2 years

revealed no treatment-related gross or histopathological changes in the liver (Smith 1953).

Renal Effects. No studies were located regarding renal effects in humans after oral exposure to

Otto Fuel II or its components.

No studies were located regarding renal effects in animals after oral exposure to Otto Fuel II or two of
its components, propylene glycol dinitrate and 2-nitrodiphenylamine. However, in two studies, renal

end points were evaluated in animals following oral exposure to dibutyl sebacate.

Hypervolemia of the kidneys was observed at necropsy of rats and mice that died as a result of oral
administration of a single dose of dibutyl sebacate greater than or equal to 10,000 and 15,000 mg/kg,
respectively (Komarova 1976, 1979). However, insufficient information regarding the number of
animals tested and the incidence of this observation limits the interpretation of this report. In addition,
it is unclear whether this effect is a direct toxic effect of the dibutyl sebacate or the result of the
administration of a large volume of test material. Routine gross and histopathological examination of
rats consuming 3,125 mg/kg/day of dibutyl sebacate for 2 years revealed no treatment-related gross or

histopathological changes in the kidneys (Smith 1953).

Endocrine Effects. Information regarding endocrine effects after oral exposure to Otto Fuel II or
its components was limited to an early study with dibutyl sebacate in rats. In that study (Smith 1953),
rats fed a diet that provided up to 3,125 mg dibutyl sebacate/kg/day for up to 2 years showed no gross
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or histopathological changes in the thyroid and adrenal glands. No further endocrinological end points

were assessed.

2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans or animals after oral exposure to
Otto Fuel II or its components propylene glycol dinitrate and 2-nitrophenylamine. However, no gross
alterations were observed in the spleens of rats fed a diet that provided 625 mg dibutyl sebacate/kg/day
for 1 year or 3,125 mg/kg/day for 2 years (Smith 1953). This information is recorded in Table 2-3

and plotted in Figure 2-3.

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans after oral exposure to Otto Fuel II or

its components.

No studies were located regarding neurological effects in animals after oral exposure to Otto Fuel II or
its component, 2-nitrodiphenylamine. However, information regarding the effects of propylene glycol

dinitrate and dibutyl sebacate on neurological parameters was available.

A reduced response to external stimuli, prostration, and mild convulsions were observed in rats given
single oral doses of propylene glycol dinitrate (Jones et al. 1972). At concentrations ranging from
1,100 to 3,320 mg/kg/day, the effects were observed within 15 minutes, and at lower doses

(76-760 mg/kg/day), the symptoms were not as severe and were delayed in onset. The lowest doses at

which specific effects were observed in this study were not specified.

Hypervolemia of the “brain substance” was observed in rats and mice that died following
administration of a single oral dose of dibutyl sebacate greater than or equal to 10,000 and

15,000 mg/kg, respectively (Komarova 1976, 1979). However, evaluation of this finding is limited
because insufficient information regarding the number of animals tested or the dose-related incidence
was provided. In addition, it is unclear whether this effect is a direct toxic effect of the dibutyl

sebacate or is related to the volume of the test material that was administered. No gross pathological
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changes were observed in the brains of rats consuming 625 mg dibutyl sebacate/kg/day for I year or

3,125 mg/kg/day for 2 years (Smith 19.53).

The highest NOAEL values for neurological effects in rats following chronic-duration exposure to

dibutyl sebacate are recorded in Table 2-3 and plotted in Figure 2-3.

2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after oral exposure to Otto Fuel II or

its components.

No studies were located regarding reproductive effects in animals after oral exposure to propylene

glycol dinitrate or 2-nitrodiphenylamine.

The only study located regarding possible reproductive effects of Otto Fuel II was a dominant lethal
study in mice which demonstrated that exposure of males to 200 mg/kg/day of Otto Fuel II for 5 days
prior to mating had no effect on fertility, the total number of implants per pregnant female, or the
number of dead implants per pregnant female (Navy 1982b). However, this study was limited in that

the fertility was low overall in both control and treated animals.

Consumption of 3,125 mg/kg/day of dibutyl sebacate in the diet by parental animals for 10 weeks

prior to mating caused no adverse effects on fertility, litter size, or litter survival (Smith 1953).

The highest NOAEL for reproductive effects in rats after intermediate-duration oral exposure to dibutyl

sebacate is recorded in Table 2-3 and plotted in Figure 2-3.

2.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans after oral exposure to Otto Fuel 11

or its components.

No studies were located regarding developmental effects in animals after oral exposure to Otto Fuel 11

or two of its components, propylene glycol dinitrate and 2-nitrodiphenylamine.
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Consumption of 3,125 mg/kg/day of dibutyl sebacate in the diet by male and female rats for 10 weeks
prior to mating resulted in a decreased weight gain in litters during the preweaning period (Smith
1953). It is unclear whether the reduced growth was caused by contact with test material in utero or
during lactation. Additional exposure of a subset of the pups to the parental diet for 21 days
postweaning resulted in continued retarded growth. No gross pathological changes were observed at

necropsy of the litters following sacrifice at the end of a 21-day postweaning period.

The NOAEL value for developmental effects in rats after intermediate-duration exposure to dibutyl

sebacate is recorded in Table 2-3 and plotted in Figure 2-3.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after oral exposure to Otto Fuel II or

its components.

No studies were located regarding genotoxic effects in animals after oral exposure to propylene glycol

dinitrate, 2-nitrodiphenylamine, or dibutyl sebacate.

Otto Fuel 11 was evaluated for the potential to induce chromosome aberrations in mouse bone marrow
cells following the acute oral administration of 20, 62, or 200 mg/kg/day (Navy 1982b). Although the
results from the acute study suggested a clastogenic response (i.e., slight but dose-related increases in
chromosome damage and the presence of rare complex aberrations at two doses), no definite
conclusions could be drawn. In that study (Navy 1982b), treatment with Otto Fuel II did not induce
any signs of overt toxicity. Negative results were reported for the mouse dominant lethal assay
conducted with comparable acute oral doses of Otto Fuel II (Navy 1982b). (The.assay detects mainly
chromosome aberrations but may also detect ploidy changes and chromosome nondisjunctions.) The
relevance, if any, of the reduced fertility indices in the three treatment groups at the majority of mating
intervals (weekly matings for the 7-week test period) could not be determined because similar reduced
fertility indices were seen in the historic and concurrent negative controls. Also of concern was the
low number of pregnant females (<20/treatment group/mating week) evaluated for critical dominant
lethal parameters. Although the dominant le